STUDY ON IMPLEMENTING BIOCRUDE TECHNOLOGIES IN THE
TRANSFORMATION OF SUGAR CANE WASTE INTO USABLE AND MARKETABLE
BY-PRODUCTS

GASIFICATION SYSTEM

May 2008
BioCRUDE Technologies Inc
This document outlines the process, details, and methodology of a Waste to Energy
Power Project involving BioCRUDE Technologies Inc.

Table of Contents
INTRODUCTION ............................................................................................................................................. 3
ENVIRONMENTAL BENEFITS....................................................................................................................... 4
Efficiency Benefits............................................................................................................................................ 5
Gasification System Concepts ........................................................................................................................ 6

INTRODUCTION

Sugar cane bagasse has been utilised in sugar mills as a solid fuel (Steam-Rankine Cycle
Systems) or in new processes called Integrated Gasification Combined Cycle (IGCC). Despite
their relatively simple operations, the first process presents low energy conversion efficiencies
and in the latter the feedstock must be sized and dried before gasification. In addition,
emissions from burning biomass have become an important concern to specialists and
environmentalists.
Considering the above statements we have proposed and tested a clean environmental
technology where bagasse is converted into biogas through anaerobic digestion. Biodigestion of
crude stillage has presented several problems and bagasse has been very helpful increasing its
solid content and consequently the biogas yield.
Intending to aggregate the value of the whole process and to increase CH4/CO2 ratio, we are
developing a thermochemical pre-treatment to be applied to the lignocellulosic biomass prior to
its digestion. Using research data, we can see that approximately 80% of the total hemicellulose
can be removed easily from all of the biomass by a steam explosion process. The resultant
pentoses and hexoses could generate approximately 60 gallons of ethanol per ton of dried
biomass. In addition to steam generation for ethanol recovery, the energy of the biogas
produced (72-74% of CH4), from the resultant cellulose lignin solid fraction, is enough to power
most of the energy (electrical) needs for the whole sugar production process.
Part of the liquid waste might be recycled into the process and most produced sludge can be
discharged back to the crop as a neutral and safe fertiliser, with very fast absorption.
The proposed approach, conceived for a sustainable production, looks more appropriate than
conventional biomass burning systems because it satisfies the requirements for air quality,
recomposes soil by natural fertiliser and generates two sources of green fuels: biogas and
ethanol. Different types of solid residues, such as municipal solid waste (MSW), might be used
as well in this process. The composting time can be shortened with additional liquid fuel
production.
Gasification offers one of the most versatile and clean ways to convert coal into electricity,
hydrogen, and other valuable energy products.
The first gasification electric power plants are now operating commercially in the United States
and in other nations. Many experts predict that coal gasification will be at the heart of the future
generations of clean technology plants for decades into the future. For example, there will be an
advanced gasifier at the core of the U.S. Department of Energy's FutureGen prototype power
plant.
Rather than burning coal directly, gasification (a thermo-chemical process) breaks down coal or virtually any carbon-based feedstock - into its basic their chemical constituents. In a modern
gasifier, coal is typically exposed to hot steam and carefully controlled amounts of air or oxygen

under high temperatures and pressures. Under these conditions, the carbon molecules in coal
break apart, setting off chemical reactions that typically produce a mixture of carbon monoxide,
hydrogen and other gaseous compounds.
Gasification, in fact, may be one of the best ways to produce clean-burning hydrogen for
tomorrow’s automobiles and power-generating fuel cells. Hydrogen and other coal gases can
also be used to fuel power-generating turbines, or as the chemical "building blocks" for a wide
range of commercial products.
The Energy Department's Office of Fossil Energy is working on advances on coal gasifiers that
enhance efficiency, environmental performance, and reliability as well as expand the gasifier's
flexibility to process a variety of coal and other feedstocks (including biomass and
municipal/industrial wastes).

ENVIRONMENTAL BENEFITS

The environmental benefits of gasification stem from the production of extremely low SOx, NOx
and particulate emissions from burning coal-derived gases. The sulphur in coal, for example,
emerges as hydrogen sulfide and can be captured by processes presently used in the chemical
industry. In some methods, the sulfur can be extracted in either a liquid or solid form that can be
sold commercially. In an Integrated Gasification Combined-Cycle (IGCC) plant, the syngas
produced is virtually free of fuel-bound nitrogen. NOx from the gas turbine is limited to thermal
NOx. Diluting the syngas allows for NOx emissions as low as 15 parts per million. Selective
Catalytic Reduction (SCR) can be used to reach levels comparable to firing with natural gas if
required to meet more stringent emission levels. Other advanced emission control processes
are being developed that could reduce NOx from hydrogen fired turbines to as low as 2 parts
per million.
Gasification may offer a further environmental advantage in addressing concerns over the
atmospheric build-up of greenhouse gases, such as carbon dioxide. If oxygen is used in a coal
gasifier instead of air, carbon dioxide is emitted as a concentrated gas stream in syngas at high
pressure. In this form, it can be captured and sequestered more easily and at lower costs. By
contrast, when coal burns or
reacts in air, 80 percent of which is nitrogen, the resulting carbon dioxide is diluted and more
costly to separate.

Efficiency Benefits

Gains in efficiency are another benefit of gasification. In a typical coal combustion plant, heat
from burning coal is used to boil water, making steam that drives a steam turbine-generator. In
some coal combustion plants, only a third of the energy value of coal is actually converted into
electricity, the rest is lost as waste heat.
A gasification power plant, however, typically gets dual duty from the gases it produces. First,
the coal gases, cleaned of impurities, are fired in a gas turbine - much like natural gas - to
generate one source of electricity. The hot exhaust of the gas turbine is then used to generate
steam for use in a more conventional steam turbine-generator. This dual source of electric
power, called a "combined cycle," is much more efficient in converting coal's energy into usable
electricity. The fuel efficiency of a coal gasification power plant in this type of combined cycle
can potentially be boosted to 50 percent or more.
Future concepts that incorporate a fuel cell or a fuel cell-gas turbine hybrid could
achieve efficiencies nearly twice today's typical coal combustion plants. If any of the remaining
waste heat can be channelled into process steam or heat, perhaps for nearby factories or
district heating plants. The overall fuel use efficiency of future gasification plants could reach 70
to 80 percent.
Higher efficiencies translate into more economical electric power and potential savings for
ratepayers. A more efficient plant also uses less fuel to generate power, meaning that less
carbon dioxide is produced. In fact, coal gasification power processes under development by
the Energy Department could cut the formation of carbon dioxide by 40 percent or more, per
unit of output, compared to today's conventional coal-burning plant.
The capability to produce electricity, hydrogen, chemicals, or various combinations
while eliminating nearly all air pollutants and potentially greenhouse gas emissions makes coal
gasification one of the most promising technologies for energy plants of the future.

GASIFICATION SYSTEM CONCEPTS

The heart of gasification-based systems is the gasifier. A gasifier converts hydrocarbon
feedstock into gaseous components by applying heat under pressure in the presence of steam.

A gasifier differs from a combustor in that the amount of air or oxygen available inside the
gasifier is carefully controlled so that only a relatively small portion of the fuel burns completely.
This "partial oxidation" process provides the heat. Rather than burning, most of the carboncontaining feedstock is chemically broken apart by the gasifier's heat and pressure, setting into
motion chemical reactions that produce "syngas." Syngas is primarily hydrogen, carbon
monoxide and other gaseous constituents; the composition of which can vary depending upon
the conditions in the gasifier and the type of feedstock.

Minerals in the fuel (i.e., the rocks, dirt and other impurities which don't gasify in the same way
as the carbon-based constituents) separate and leave either an inert glass-like slag or other
marketable solid products at the bottom of the gasifier. Only a small fraction of the mineral
matter is blown out of the gasifier as fly ash and requires removal downstream.

Sulfur impurities in the feedstock are converted to hydrogen sulfide and carbonyl sulfide, from
which sulfur can be easily extracted, typically as elemental sulfur or sulfuric acid, both valuable
byproducts. Nitrogen oxides, another potential pollutant, are not formed in the oxygen-deficient
(reducing) environment of the gasifier; instead, ammonia is created by nitrogen-hydrogen
reactions. The ammonia can be easily stripped out of the gas stream.
In Integrated Gasification Combined-Cycle (IGCC) systems, the syngas is cleaned of its
hydrogen sulfide, ammonia and particulate matter and is burned as fuel in a combustion turbine
(much like natural gas is burned in a turbine). The combustion turbine drives an electric
generator. Hot air from the combustion turbine can be channelled back to the gasifier or the air
separation unit, while exhaust heat from the combustion turbine is recovered and used to boil
water, and in creating steam for a steam turbine-generator.
The use of these two types of turbines - a combustion turbine and a steam turbine - known as a
"combined cycle" in combination, is one reason why gasification-based power systems can
achieve unprecedented power generation efficiencies. Currently, commercially available
gasification-based systems can operate at around 42% efficiencies. In the future, these systems
may be able to achieve efficiencies approaching 60%. (A conventional coal-based boiler plant,
by contrast, employs only steam turbine-generators and is typically limited to 33-40%
efficiencies.)
Higher efficiencies mean that less fuel is used to generate the rated power, resulting in better
economics (which can mean lower costs to ratepayers) and the formation of fewer greenhouse
gases (a 60%-efficient gasification power plant can cut the formation of carbon dioxide by 40%
compared to a typical coal combustion plant).
All or part of the clean syngas can also be used in other ways:
1. As chemical "building blocks" to produce a broad range of higher-value liquid or gaseous
fuels and chemicals (using processes well established in today's chemical industry);
2. As a fuel producer for highly efficient fuel cells (which run off the hydrogen made in a
gasifier) or perhaps in the future, hydrogen turbines and fuel cell-turbine hybrid systems;
3. As a source of hydrogen that can be separated from the gas stream and used as a fuel
(for example, in President Bush's hydrogen-powered Freedom Car initiative) or as a
feedstock for refineries (which use hydrogen to upgrade petroleum products).
Another advantage of gasification-based energy systems is that when oxygen is used in the
gasifier (rather than air), the carbon dioxide produced by the process is in a concentrated gas
stream, making it easier and less expensive to separate and capture.
Once the carbon dioxide is captured, it can be sequestered - that is, prevented from escaping to
the atmosphere, where it could otherwise potentially contribute to the "greenhouse effect."

